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Summary
Objectives: The aim of this study was to identify the causes and the audiometric results of
revision surgery following stapedotomies and stapedectomies.
Patients and methods: We retrospectively reviewed a series of 89 revisions after surgery for
otosclerosis between 1993 and 2008. Intraoperative ﬁndings, causes of failure, and pre- and
postoperative audiometric results were noted retrospectively.
Results: The leading causes of failure found intraoperatively included dislocated prosthesis and
necrosis of the long process of the incus. The average postoperative air—bone gap was 13 dB.
Closure of the air—bone gap to within 10 dB was achieved in 52% of patients.
Conclusion: Stapes revisions had less satisfactory results compared with primary procedures in
this series. However, certain precautions during initial surgery should decrease the number of
stapes surgery revisions.
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Introduction
Otosclerosis surgery, introduced by Shea [1], provides excel-
lent results, with the success rate reaching 90% for an
experienced otologist [2]. Failures can be related to intraop-
erative technical error or a complication with postoperative
onset. In these failure situations, revision of the initial
surgery can be proposed to the patient. For some authors,
these account for 8% of the otosclerosis surgery activity [3].
In this study, we investigated the ﬁles of patients hav-
ing undergone surgical revision following failure of initial
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tosclerosis surgery. The objectives of this study were to
escribe the revisions and to discuss the surgical means to
educe the failure rate in view of this experience and the
ata reported in the literature.
atients and methods
e included 89 cases of otosclerosis revision surgery per-
ormed in the department between 1993 and 2008. During
his period, 839 interventions were carried out for otoscle-
osis. We did not include four patients who had malleus
xation that went undetected at the initial surgery. We had
o patients with dehiscence of the superior semicircular
anal that had not been detected during the initial surgery.
.
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Figure 1 Causes of failure following stapedectomy or stapedotomy. A. Computed tomography of the right temporal bone showing
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tisplacement of the stapes prosthesis (white arrow) out of the
howing an intravestibular prosthesis (black arrow). C. Intraope
ong process of the incus).
The preoperative criteria analyzed were age, sex, time
o symptom onset, the reason for surgical revision, and the
ata from the initial surgical report.
When computed tomography (CT) of the petrous part of
he temporal bone was available, displacement of stapes
rostheses, necrosis of the long process of the incus, pro-
iferation of the otosclerotic zone, ﬁbrosis of the foramen
vale, stenosis of the round window or pneumolabyrinth
ere sought [4,5]. Excessive intravestibular penetration of
he prosthesis was retained if, for a patient presenting symp-
oms of labyrinth irritation, the foot of the upper prosthesis
as located 1mm inside the vestibule [4].
Fifty-three revisions were performed under conscious
edation (diazanalgesia). Thirty-six revision surgeries were
erformed under general anesthesia. This modality was sys-
ematic in patients with vertigo.
We studied the pre- and postoperative audiometric
esults (bone conduction [BC], air conduction [AC], bone—air
ap, and gain) according to the AOHNS guidelines [6], except
or the 3000-Hz frequency data, which was replaced by the
000-Hz data so as to have identical data for all the patients
ncluded in the study.
esults
e included 88 patients with a mean age of 48 years (range,
4—88 years), half of whom were females. Eighty-nine inter-
entions were carried out (one patient underwent revision
n the left side and then on the right side). In 47% of the
ases, the patients were operated initially at another center.
hese revisions accounted for 10.5% of our otosclerosis sur-
ical activity during this period (89 revisions and 750 initial
nterventions).
reoperative results
urgical revision was decided for two reasons in this study:
ersistence of an air—bone gap or its reopening with sensa-
ions of instability. None of the cases was revised for sound
istortion or neurosensorial deafness.
In 82 cases (92%), we found persistence of an air—bone
ap or its reopening. The presence of an air—bone gap was
ssociated with tinnitus in 14 cases (15%), with vestibular
t
c
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tl window. B. Computed tomography of the left temporal bone
e view of a left-ear revision showing partial incus necrosis. (*:
igns in ten cases (11%). The ﬁstula sign was demonstrated
n three patients.
Seven cases (8%) showed isolated vestibular pain. The
stula sign was demonstrated in three patients.
The mean values on audiometric testing were the follow-
ng: AC, 56 dB (± 18); BC, 30 dB (± 15); air—bone gap, 25 dB
± 12).
CT, available for 73 patients (79%), demonstrated 35
ases of prosthesis displacement (Fig. 1A) and nine pros-
heses positioned in the deep intravesicular area (Fig. 1B).
ntraoperative results (Tables 1 and 2)
pon tympanic cavity exploration, the abnormalities were
solated (74% of the cases) or were interlinked with other
esions. Incus necrosis (Fig. 1C) and/or dislocation of the
oot of the piston were the most frequently found lesions.
he time to onset of conductive deafness since the initial
urgery was a mean 79months (± 113) in cases with necro-
is of the long process of the incus and 78months (±103)
n patients with prosthesis dislocation. There was no signiﬁ-
ant difference on the Student t-test (p = 0.9) between these
wo etiologies in terms of the time to hypoacousia onset.
even patients underwent early revision (<6months) for an
ir—bone gap persisting postoperatively: involving a defect
n crimping the long process of the incus (n = 4), dislocation
f the foot of the prosthesis (n = 1), a narrow stapedotomy
n = 1), and intraoperative dislocation of the incus (n = 1).
he latter patient had undergone surgery in another center
nd been referred shortly thereafter because of unsatis-
actory results. During exploration of the tympanic cavity,
islocation of the incus was demonstrated.
As for the patients presenting sensations of instability,
evision occurred a mean 66months (± 80months) after
he initial intervention in the cases of piston penetration
nto the vestibule and a mean 80months (± 91months) in
ases of perilymphatic ﬁstula. There was no signiﬁcant dif-
erence between these two etiologies in terms of the time
o onset of instability sensations, according to the Student
-test (p = 0.7).
One-shot CO2 laser stapedotomy was performed in 23
ases, which succeeded in enlarging a narrow stapedotomy
n 12 cases, reopening the otosclerosis zone after stapedec-
omy, or releasing a ﬁbrous tractus in 11 cases. In three
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Table 1 Intraoperative ﬁndings for patients with failure following stapedectomy or stapedotomy.
Total Stapedotomy Stapedectomy
n 89 45 44
Incus necrosis, partial or total 44 (49 %) 25 (56 %) 19 (43 %)
Dislocation of the foot of the piston 21 (24 %) 3 (7 %) 18 (41 %)
Fibrous tractus 22 (25 %) 11 (24 %) 11 (25 %)
Narrow stapedotomy 12 (13 %) 12 (26 %) 0 (0 %)
Piston too long 7 (8 %) 2 (4 %) 5 (11 %)
Perilymphatic ﬁstula 7 (8 %) 3 (7 %) 4 (10 %)
Crimping defect 4 (4 %) 4 (9 %) 0 (0 %)
Incus displacement 1 (1 %) 1 (2 %) 0 (0 %)
Displacement of the malleus piston 3 (3 %) 2 (4 %) 1 (2 %)
Normal 2 (2 %) 1 (2 %) 1 (2 %)
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aPiston cracked 1 (1 %)
Anterior limb remainder 1 (1 %)
cases, a stapedectomy with interposition and placement of
a piston was performed.
Ossicular reconstruction varied and was adapted to the
lesions demonstrated. In 70 cases, a prosthesis was placed
between the long limb of the incus and the footplate. When
the ﬁrst surgery was a stapedectomy, a Causse® (0.6mm in
diameter) ﬂuoroplastic piston was put in place. When the
ﬁrst surgery was a stapedotomy, a Fisch platinium® (0.4mm
in diameter) was used.
In cases of partial necrosis (n = 32) of the long limb of the
incus, a new piston was crimped below the necrosis. In cases
of total incus necrosis (n = 12), a malleostapedopexy was
performed if the initial intervention included stapedotomy
or partial stapedectomy. In these cases, malleostapedopexy
was performed with an 8-mm-high platinum prosthesis using
the technique described by Fisch et al. [7]. If total stapedec-
tomy had been performed during the initial surgery, a type III
prosthesis was placed, implanted immediately after stape-
dotomy given the incus dislocation.Postoperative results (Table 3)
The mean postoperative follow-up was 86months (±
52months). All vertiginous patients showed improvement
t
s
f
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Table 2 Procedures performed during stapes revision surgery (n =
Ossicular procedures
44 stapedotomies 32 transstapedial pistons
5malleus pistons
4 type III prostheses
1 resetting of displaced piston
2 none
45 stapedotomies 36 stapedotomy
3malleus to oval window prosthesis
1 TORP
1 replacement of the prosthesis in th
4 none
TORP: Total ossicular replacement prosthesis.0 (0 %) 1 (2 %)
1 (2 %) 0 (0 %)
ostoperatively. At the postoperative audiometric test, the
ean values were as follows: AC, 44 dB (± 23); BC, 29 dB (±
0); and air—bone gap, 14 dB (± 10). A mean air—bone gap
losure of 11 dB (± 13) was obtained.
The air—bone gap following revision surgery was 10 dB
r less in 46 cases (52%), between 11 and 20 dB in 25 cases
28%), between 21 and 30 dB in 11 cases (12%), and less than
1 dB in ﬁve cases (6%). We had two cases of postoperative
otal deafness (2%). For the other patients, there were no
odiﬁcations of the cochlear reserve.
iscussion
evision surgery in otosclerosis accounts for 10% of our surgi-
al activity. However, this does not represent the frequency
f revisions in otosclerosis surgery because some patients
ndergoing revision surgery were initially operated on in
ther centers and others were reoperated elsewhere. Our
udiometric results, presented in Table 4, are similar to
hose found in the literature [3,8—16] and show a lower
uccess rate than in initial surgery in stapes ﬁxation.
Patients rarely describe a triggering factor (tubular dys-
unction, head injury) after which conductive deafness or
nstability reappeared (10% in our series) [3].
89).
Procedures on the footplate
11 stapedotomies
10 interpositions
3 stapedectomies
20 none
12 stapedotomies
33 none
e stapedotomy hole
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Table 3 Pre- and postoperative hearing results at 500, 1000, 2000, and 4000 kHz.
500Hz 1000Hz 2000Hz 4000Hz Mean
Preoperative BC 25 dB ± 15 27 dB ± 17 34 dB ± 16 34 dB ± 18 30 dB ± 15
Preoperative AC 51 dB ± 21 53 dB ± 21 54 dB ± 18 65 dB ± 24 56 dB ± 18
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ePostoperative BC 24 dB ± 20 27 dB ± 21
Postoperative AC 39 dB ± 24 40 dB ± 24
AC: air conduction; BC: bone conduction.
The preoperative workup aims to assess the possibilities
or improving hearing with the patient. It seems vital to have
ccess to the surgical report from the initial surgery to know
he type of piston prosthesis that was placed, the procedure
erformed on the footplate, and whether any autologous
aterial was used.
A preoperative CT scan of the petrous part of the tem-
oral bone is taken systematically, particularly when the
urgeon performing the revision is not the one who operated
nitially. In our center, this is done systematically. The CT
llows us to visualize piston displacements if dislocation has
ccurred and to assess the position of the footplate, which
ay have excessively penetrated the vestibule [4]. It can
lso identify incus necrosis and proliferation of otosclerotic
ones. A pneumolabyrinth or indirect signs of perilymphatic
stula can be demonstrated with CT in a vertiginous patient.
owever, CT of the petrous part of the temporal bone is also
seful in detecting associated anomalies such as bony ﬁxa-
ion of the head of the malleus, stenosis of the round window
f the superior semicircular canal (SSCC) in superior canal
ehiscence syndrome and in reconstructions in the axis of
he SSCC [4,5].
Brain MRI is valuable in cases of postoperative neu-
osensory deafness in searching for labyrinthitis, vestibular
emorrhage, or granulomas. However, we did not revise
atients presenting neurosensory deafness if sensations of
nstability were absent. Except for granulomas, which have
ecome rare since the use of the metal piston, we do not
elieve hearing is improved in these patients. For Lippy et
l., revision does not seem necessary in cases of neurosen-
ory deafness, obliterative otosclerosis, or intense tissue
eactions [14].
The literature presents four reasons for revision: persis-
ence of an air—bone gap or reopening of this gap, sensations
f instability, sound distortions, and neurosensory deafness.
l
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Table 4 Literature review: postoperative conductive hearing loss
Authors n Rinne < 10 d
Bordure et al. [8] 85 50
Sommers et al. [9] 226 40
Han et al. [10] 60 52
Hammerschlag et al. [11] 250 80
De la Cruz and Fayad [12] 356 59.8
Ayache et al. [13] 21 57
Martin et al. [3] 50 92
Lippy et al. [14] 483 71
Gros et al. [15] 63 52.4
Schmid and Häusler [16] 172 55
Our series, 2010 89 5233 dB ± 21 36 dB ± 21 29 dB ± 19
42 dB ± 24 55 dB ± 29 42 dB ± 23
The reappearance of conductive deafness is the main rea-
on for revision (92% in our series). It is most often caused
y partial or total necrosis of the long process of the incus
17], sometimes displacement of the foot of the piston at the
ootplate (inﬂammation, ﬁbrosis, proliferation of otoscle-
otic areas), or following lateralized piston syndrome [18].
n cases of erosion of the long limb of the incus, modiﬁed
istons have been proposed, providing better audiometric
esults [19]. Other authors have developed techniques for
econstructing the long limb of the incus using biomateri-
ls [20]. In agreement with other authors [17], in cases of
ecrosis preventing crimping of the piston ring on the incus,
e place the proximal part of the piston at the malleus. This
echnique carries greater surgical risks, however, motivating
he development of biomaterials.
If the piston is too short, patients sometimes report sound
istortions. These symptoms usually appear 2months after
urgery, once the postoperative inﬂammation has attenu-
ted [14]. In these cases, we place a longer piston prosthesis
fter intraoperative remeasurement.
Persistent postoperative conductive deafness can be
aused by an anomaly associated with or independent of
tapediovestibular ankylosis that has gone undetected in the
tiological investigation. This is mainly attical ankylosis of
he malleus head and dehiscence of the SSCC. Other causes
nclude intraoperative dislocation of the incus, a piston of
he wrong size, or otosclerosis in the round window.
Sensations of instability may require surgical revision pro-
ided that any paroxysmal vertigo has been eliminated. The
tiologies may be perilymphatic ﬁstulae, pistons that are too
ong, granulomas, and labyrinthitis. In perilymphatic ﬁstula,
lacing autologous tissue at the oval window associated with
iological glue is recommended.
Neurosensory deafness is rarely an indication for revision
ecause bone conduction is rarely improved after revision
and postoperative deafness after stapes revision procedures.
B (%) Rinne < 20 dB (%) Anacusis (%)
— —
64 0
82 1.3
85 0
77.5 1.4
71 0
2 0
86.3 1
79.4 1
84 1.2
80 2
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surgery. The objective of revision is to avoid deteriorating
the deafness, notably in cases of postoperative granuloma
or perilymphatic ﬁstula.
In this study, dislocation of the foot of the piston in rela-
tion to the footplate and necrosis of the long process of
the incus were the two most frequent intraoperative obser-
vations after stapedectomy. Since the introduction of laser
and stapedotomy, the frequency of piston displacement has
decreased. However, incus necrosis remains the most fre-
quently encountered intraoperative ﬁnding. A prospective
study comparing stapedotomy and stapedectomy noted no
signiﬁcant difference in terms of the recurrence rates and
the audiometric results. They found that the surgeon’s expe-
rience was the main factor for success of the initial surgery
[21]. However, Lescanne et al. noted a lower incidence of
surgical revision in our center since the introduction of laser
in stapedotomy [22,23]. With the appearance of stapedec-
tomies calibrated with laser, the risks of displacement of
the piston in relation with the footplate seem to be further
reduced. These techniques also decrease the risks of ﬁbrosis
by reducing injury to the mucosa of the middle ear, providing
a bloodless operating ﬁeld [24].
Thus, using laser-calibrated stapedotomy, necrosis of the
long process of the incus is the most frequent ﬁnding during
revision surgery. Based on these observations and in agree-
ment with other authors [25], we believe that one of the
most vital phases is crimping the ring of the piston at the long
process of the incus. We systematically measure between
the lateral part of the long process of the incus and the
footplate and then the size of the piston is increased by
0.5mm to include passage through the footplate [26]. Cer-
tain authors have taken anatomic measurements of the
long process of the incus at the point where the piston is
attached. Following this work, they advised using a piston
with a ring whose diameter ranged from 0.66 to 0.81mm,
with a 2.46-mm circumference [25]. Most pistons require
manual crimping [27]. However, other pistons have appeared
in the last few years: the aWengen® piston and the nitinol
SMart® prosthesis. The ﬁrst one is positioned by clipping it
on the long process of the incus [28], whereas the second
one has shape memory properties after laser heating of
the ring [29]. The development of these two pistons has
attempted to eliminate manual crimping and thus reduce
the frequency of incus necrosis. However, there has not yet
been sufﬁcient testing to conﬁrm the superiority of these
prostheses.
Conclusion
This study conﬁrms that surgical revision of otosclerosis pro-
vides less satisfactory hearing results than those found at
the initial intervention. We believe that the use of laser and
particular attention paid to crimping should reduce the fre-
quency of adverse events. The incidence of displacement of
the foot of the piston has decreased since the appearance
of calibrated stapedotomy and the most frequently encoun-
tered observation is the long process of the incus necrosis.
In these cases, use of biomaterials could be a valuable alter-
native for reconstructing the long process of the incus and
crimping on the biomaterial. Studies to evaluate the beneﬁt
of this reconstruction are underway.
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